Abstract 2-Oxo-2-polyfluoroalkylethane-1-sulfones and -sulfamides undergo Biginelli reaction with aryl aldehydes and (thio)urea to give 4-hydroxy-4-polyfluoroalkyl-5-sulfonyl-6-aryltetrahydropyrimidin-2(1H)-(thi)ones, whereas three-component reaction with urea and trialkyl orthoformate provides 4-hydroxy-4-polyfluoroalkyl-5-sulfonyl-3,4-dihydropyrimidin-2(1H)-ones. Some chemical properties of the synthesized pyrimidinones are discussed.
Introduction
Multicomponent reactions allow the construction of complex compounds from several simple functional substrates in a one-pot procedure 1,2 and due to exceptional synthetic efficiency in comparison with traditional multistep approach attract considerable interest of synthetic chemists. Of particular interest are multicomponent reactions forming heterocyclic compounds (drug-like scaffolds) representing potential targets for medicinal chemistry. Among a number of pharmaceutically important heterocycles pyrimidinones [3] [4] [5] and structurally close compounds as well as their fluoroalkyl derivatives [6] [7] [8] [9] are also known to exert bioactivities which stimulates the invention of simple approaches for their synthesis. One of the most effective strategies for the construction of pyrimidinone scaffold is the broadly studied Biginelli reaction. [10] [11] [12] In its traditional form three-component Biginelli cyclocondensation involves a combination of β-ketoester and aromatic aldehyde with urea in protic solvent under acidic conditions resulting in the formation of 3,4-dihydropyrimidin-2(1H)-ones known also as classical ''Biginelli compounds''. Throughout the exploration of the Biginelli reaction potential, by diversifying all three components, the scope of the employed β-dicarbonyl substrates has been extended by their
Results and Discussion
Literature data indicate that attempts to subject β-ketosulfones as β-ketoester alternatives to the Biginelli reaction for the synthesis of sulfonyl-substituted pyrimidinones were fruitless. Microwave-assisted multicomponent reaction of methylsulfonyl acetone, aromatic aldehydes and urea yielded unusual Hanztsch dihydropyridines. 13 β-Ketosulfone containing perhaloalkyl substituent (R = (CF 2 ) 4 Cl) at sulfone moiety by reacting with benzaldehyde and urea under the classical Biginelli procedure afforded 2,3-dihydrofuran instead of the expected dihydropyrimidinone. 14 Biginelli-type cyclocondensation reaction of benzaldehyde, urea and tetrahydrothiopyran-3-one S,S-dioxide -cyclic β-ketosulfone, which was used as alternative carbonyl substrate gave fused-ring pyrimidine, while the acyclic version of this protocol with phenylsulfonyl acetophenone to provide a pyrimidinone scaffold failed. 15 Recently 16 we have shown that, as distinct from the mentioned literature cases, β-polufluoroalkyl-β-keto-sulfones 1a,b as well as -sulfamides 1c,d are able to undergo a three-component Biginelli reaction with aryl aldehydes and urea to give the desired sulfonyl-substituted tetrahydropyrimidin-2(1H)-ones (compounds 2a-e,m-p) ( Table 1 ). In this paper we have broaden the scope of the application of fluorinated keto compounds 1 in multicomponent reactions for the synthesis of pyrimidine derivatives as well as studied the structural features of the obtained Biginelli tetrahydropyrimidinones. Similarly to the Biginelli reaction of fluorinated β-dicarbonyl compounds 4-hydroxycontaining tetrahydropyrimidin(thi)ones were formed in cyclocondensation of ketones 1, aryl aldehydes and urea and no dehydration products of 2 have been detected. [17] [18] [19] [20] Initially we used the reaction conditions, which have been proven suitable for the Biginelli reaction of 1,3-dicarbonyl compounds involving refluxing reactants in acetonitrile with catalytic amounts of trimethylsilyl chloride as a catalyst. 19, 21, 22 However, such procedure appeared to be unappropriate on the reason of poor yields of 2, which consisted in our case at best 15-25 %. The main cause of the low yields was associated with the tendency of the starting polyfluoroalkyl keto compounds 1 to form unreactive hydrates with water, evolved during the condensation. Therefore, to enhance the productivity of the cyclocondensation not only anhydrous conditions were required but also elimination of water from the reaction media was essential. We have disclosed that the most favorable Biginelli reaction conditions for the synthesis of 2 were heating the starting compounds in a mixture of acetic acid with acetic anhydride as an agent for trapping water which enabled to improve the yields up to 50-85%. Thiourea was also used in place of urea providing corresponding thiones generally in lower yields in comparison with oxo compounds. Tetrahydropyrimidin(thi)ones 2 precipitated directly from the reaction mixtures upon heating and the solids were collected by simple filtration and obtained in pure form (>96% according to LC-MS data). Tetrahydropyrimidin(thi)ones 2 contain three stereogenic centers assuming the possibility to exist as four diastereomers. However for all described compounds according to the NMR data of the crude solid materials only one set of signals was observed, confirming the isolation of the products as single diastereomers. The remarkable feature of the Biginelli reaction to give exclusively one diastereomeric tetrahydropyrimidinone among other possible is described for the condensations of fluoroalkyl β-diketo compounds. [17] [18] [19] [20] Common peculiarity of the reported Biginelli products, substituted at the 5th position of the tetrahydropyrimidinone cycle with acyl or carbalkoxy group in place of sulfonyl moiety is occurrence of the vicinal coupling between Н-5 and Н-6 cyclic protons with 3 J HH~1 1 Hz, allowing unambigously establish trans orientation of the substituents at C-5 and C-6. As follows from the 1 H NMR spectra of compounds 2 no coupling was observed between H-5 and H-6 protons, which were assigned by the COSY and HETCOR experiments. Signal due to Н-5 proton exhibited singlet at 4.0-4.2 ppm, whereas Н-6 proton was coupled with amide proton NH-1 showing doublet at the corresponding region with coupling constant 3 J HH 3÷4 Hz. Hence the observed coupling constants values for cyclic protons did not allow to determine the orientation of substituents in compounds 2 based only on NMR spectral data. The stereochemistry of tetrahydropyrimidin(thi)ones 2 was established on the example of the X-ray diffraction analysis of compound 2a (Fig. 1) . Substituents at C-5 (tosyl group) and C-6 (phenyl group) in the molecule of 2a occupy positions trans to each other similarly to the literary described cases of 5-acyl or 5-carbalkoxy Biginelli tetrahydropyrimidinones. [17] [18] [19] [20] However observed dihedral angle between H-5 and H-6 protons (H-C15-C16-H on Fig. 1 ) was 84.5 о and in accordance with the Karplus equation 23 agreed very well with either small or absence of coupling constant for the corresponding protons in 1 H NMR spectrum of 2a. In 13 C NMR spectra compounds 2a-f,m-p displayed signals due to carbonyl group at 154 ppm while shifts due to signals of thiocarbonyl group for 2g-l,q,r were found at lower field near 177 ppm. Signals due to characteristic for tetrahydropirimidin(thi)ones structures quaternary C-4 atom of the pyrimidine framework in the 13 C NMR spectra occured as quartet ( 2 J CF 27÷33 Hz) at 79-82 ppm. The results of X-ray analysis obtained for 2a along with NMR data of the rest synthesized compounds allow to spread the conclusion about the relative stereochemistry around all tetrahydropyrimidin(thi)ones 2 (except 2h, see below). functions. Absence of the sharp band at 3400 cm -1 can be explained by the intramolecular hydrogen bonding of OH proton with carbonyl oxygen of another molecule in solid state which was confirmed by X-ray investigation of 2a. It is noteworthy that tetrahydropyrimidinone 2a crystallized as a mixture of two crystalline modifications exhibiting different melting points values and distinct types of intermolecular hydrogen bonds in crystals. Their X-Ray analysis data will be reported elsewhere. Since compounds 2 were isolated in 50-85% yields as single diastereomer we then examined mother solutions after separation of the precipitates.
1 H NMR spectra of the residues obtained after removal of the solvent from the filtrates revealed a set of signals which can assigned to another one diastereomeric Biginelli product for all cases. These minor isomers were not isolated in pure state but their NMR data studies allowed us to conclude about their structures. The secondary isomeric tetrahydropyrimidin(thi)ones can be easily distinguished from basic ones by the characteristic location of signals due to Н-5 and Н-6 cyclic protons in the 1 group for minor isomers which can be found at around -76 ppm are contrasting with those occurring for the basic isomers lying at around -82 ppm. The most significant differences of chemical shifts between isomeric tetrahydropyrimidin(thi)ones in the 13 C NMR spectra were observed for the resonances of C-6 cyclic carbon and the neighbored C-ipso aromatic carbon which were downshifted by 3-5 ppm compared to the signals of major products. The obtaining of the single isomer in precipitates of 2 can be explained by its predominating solubility comparing with minor isomer. Having synthesized a series of Biginelli products 2 with various combinations of substituents in the ring we have revealed that in case of compound 2h the product precipitated from the reaction mixture had NMR spectral characteristics typical for those of minor isomers of the rest tetrahydropyrimidin(thi)ones.
Another one-pot method described here for the preparation of polyfluoroalkyl pyrimidinones bearing sulfur moieties involves three-component reactions of 2-oxo-2-polyfluoroalkylethane-1-sulfones and -sulfamides 1 with urea and trialkyl orthoformate. Previously 24 we have shown that β-polyfluoroalkyl-β-ketophosphonates undergo threecomponent cyclocondensation reaction with trialkyl orthoformate and urea giving phosphonylcontaining 3,4-dihydropyrimidin-2(1H)-ones. The advantage of the elaborated one-pot procedure was its simplicity, avoiding isolation of intermediates and use of additional reagents to accomplish cyclization step to heterocyclic core. Having these results, another one-pot procedure was proposed which opens straightforward access to the sulfonyl-containing pyrimidinones by the similar three-component cyclocondensation reaction of ketones 1. It was found that heating 2-oxo-2-polyfluoroalkylethane-1-sulfones 1a,b and -sulfamide 1e with urea and excess trialkyl orthoformate during 3 hours led to the formation of sulfonyl-substituted 3,4-dihydropyrimidin-2(1H)-ones 3a-c (Scheme 1). Compounds 3 solidified from the reaction mixture under heating and were obtained virtually pure (>95% according to LC-MS data) in 65-85% overall yields. It is noteworthy that on the contrary with the Biginelli reaction of ketosulfones and ketosulfamides three-component reaction with urea and trialkyl orthoformate proceeded even with hydrtated ketones. In the course of this sequential one-pot protocol α-alkoxyvinyl ketones formed via condensation of 1 with trialkyl orthoformate reacted with urea to give acyclic intermediate A, which underwent instantaneous intramolecular cyclization resulting in compounds 3 (Scheme 1). For similar reactions of β-dicarbonyl compounds reported in the literature the construction of a pyrimidine ring required two consequtive stages as well as the isolation of acyclic precursors, cyclization to pyrimidinones on the final step being achieved under rigorous conditions and the use of base. [25] [26] In order to broaden the scope of the developed three-component reaction we have shown that treatment of 2-oxo-2-polyfluoroalkylethane-1-sulfones 1a,b and -sulfamide 1c with excess trialkyl orthoformate and heterocyclic amine (instead of urea) such as 2-aminobenzimidazole afforded upon heating 4,10-dihydropyrimido[1,2-a]benzimidazoles 4 in 45-55% yields (Scheme 2) similarly to the one-pot reactions described for non-fluorinated β-ketosulfones leading to the fused heterocyclic compounds, which were tested for Aurora-A kinase inhibitors. 27 Structures of 4a-c were supported by the NMR spectral data and mass-spectrometry data of the isolated compounds. Next our investigations were directed to the exploration of some chemical properties of the obtained heterocycles with the aim of the expanding their synthetic potential.
Dihydropyrimidinone 3a was readily dehydrated upon heating with excess phosphorus pentoxide in acetonitrile to form non-isolable pyrimidine derivative 5, which due to the highly electrophilic C=N bond 28 spontaneously reacted with traces of water furnishing starting pyrimidinone 3a. Relative readiness to eliminate water for 3a in comparison with the remarkable stability towards dehydration of Biginelli compounds 2, which we eventually failed to dehydrate with various dehydrating agents, could account for the appearance of aromatic heterocyclic ring in 5. Trapping intermediate 5 with nucleophiles such as alcohols afforded 4-alkoxy-3,4-dihydropyrimidin-2(1H)-ones 6 (Scheme 3). Reactions were easily controlled by the 19 F NMR spectroscopy, in particular after refluxing 3а with excess of P 2 O 5 in the 19 F NMR spectrum of the reaction mixture the resonance peak due to trifluoromethyl group at -81 ppm of 3a disappeared to give another peak at -66 ppm corresponding to the structure of the dehydrated derivative 5. The latter intermediate without isolation was reacted with several alcohols to give appropriate 4-alkoxy dihydropyrimidinones 6a-c, displaying signals due to CF 3 group at -78 ÷ -79 ppm in the 19 F NMR spectra. Since addition of nucleophiles to the intermediate pyrimidinone 5 resulted in the appearance of stereogenic center, use of alcohols containing asymmetric carbon atom could generate diastereomers. However, upon addition of asymmetric alcohols such as optically active ethyl L-(-)-lactate or racemic (DL)-sec-phenethyl alcohol to 5 formation of only one diastereomer was observed for both cases 6b,c as deduced from 19 F NMR spectral data of the reaction mixtures showing single peaks due to CF 3 group. This fact may be regarded as evidence of the asymmetric induction in reactions of 5 with asymmetric alcohols. Treatment of dihydropyrimidinone 3a with a two-fold excess of potassium hydroxide in methanol resulted in the dehydration product and the formation of potassium salt 7 which was isolated and identified by the NMR spectral data. Our efforts to alkylate 7 with alkyl halides, dimethylsulfate or acylate it with acyl halides were unsuccessful. Compound 7 appeared hygroscopic and easily underwent hydrolysis and addition of water, therefore after acidification of 7 with conc. hydrochloric acid starting dihydropyrimidinone 3a was recovered in almost quantitative yield (Scheme 4).
KOH (2 eq) CH 3 OH, r.t., 1 h.
Scheme 4.
Reaction of compound 3a with base.
In contrast to the previous case, reaction of Biginelli tetrahydropyrimidinone 2a with inorganic (KOH, NaH) as well as organic (Et 3 N, t-BuOK, MeONa) bases resulted in the cleavage of the pyrimidinone cycle on С-4-С-5 bond to yield acyclic derivative 8 regardless of the base applied. 19 F NMR spectrum of the reaction mixture in methanol taken after reacting 2a
with potassium hydroxide revealed a signal at -75 ppm assignable to trifluoromethyl group attached to sp 2 -carbon atom. However after aqueous work-up of the reaction mixture a compound was isolated in 70% yield which did not contain fluorine substituent. Based on NMR specral data the product was assigned to 1-(1-phenyl-2-tosylethyl)urea 8, formed evidently after loss of potassium trifluoroacetate which was detected in 19 We have tried also to modify pyrimidinone derivatives 2a and 3a by the conversion of heterocyclic amide moiety into imidoyl chloride fragment using reactions with phosphorus pentachloride.
Dihydropyrimidinone 3a was refluxed with equimolar amount of phosphorus pentachloride in acetonitrile with monitoring the reaction progress by 31 P NMR spectroscopy, indicating complete consumption of PCl 5 in the course of reaction. In 19 F NMR spectrum of the reaction mixture signal at -82 ppm due to trifluoromethyl group of 3a disappeared while a new peak arose at -65 ppm. These observations can indicate the formation of chloropyrimidine derivative 9, however we failed in attempts neither to isolate it for characterization nor trap with nucleophiles since it was extremely hygroscopic and easily converted to starting pyrimidinone 3a (Scheme 6).
PCl 5 (1 eq) CH 3 CN, reflux, 1 h.
Scheme 6.
Reaction of compound 3a with PCl 5 .
Reaction of equimolar amounts of tetrahydropyrimidinone 2a with phosphorus pentachloride gave unseparable mixture of products. At the same time after refluxing suspension of compound 2a with two-fold excess of PCl 5 in benzene 1,1,1-trifluoro-4-phenyl-3-tosylbut-3-en-2-one 10 was isolated in 75% yield from the reaction mixture, formed as a result of pyrimidinone cycle cleavage. Structure of compound 10 was supported unequivocally by the NMR data, mass-spectrometry and elemental analysis (Scheme 7). It should be noted that benzylidene derivative 10 is formally a product of the Knoevenagel condensation of 1,1,1-trifluoro-3-tosylpropan-2-one 1a with benzaldehyde which has been recently obtained. 
Conclusions
We have elaborated convenient one-pot three-component reactions of 2-oxo-2-polyfluoroalkylethane-1-sulfones and -sulfamides leading to a series of pyrimidine derivatives. Optimal conditions for the Biginelli reaction of the studied ketones have been found involving use of acetic acid-acetic anhydride mixture not only as solvent but also as dehydrating agent for the removal of water evolved during the condensation. Additionally, certain chemical properties of the obtained heterocyclic compounds have been examined.
Experimental Section
General. Melting points were measured on a Boetius melting point devise and are uncorrected. IR spectra were recorded on a UR-20 spectrometer with samples in KBr disks. 19 1-sulfones (1a,b) and -sulfamide (1e) with urea and trialkyl orthoformate. Compounds 3a-c. A mixture of the corresponding ketosulfone hydrate 1a,b (1 mmol) or ketosulfamide hydrate 1e (1 mmol) and urea (60 mg, 1 mmol) in trimethyl orthoformate (6 mmol) was refluxed for 3 h. The white solid precipitated from the reaction mixture under heating. The mixture was then allowed to cool, diluted with Et 2 O (2 mL) and the precipitate was filtered, washed with Et 2 O and dried to give dihydropyrimidinones 3a-c as white solids which were crystallized from an appropriate solvent. A suspension of tetrahydropyrimidinone 2a (207 mg, 0.5 mmol) and phosphorus pentachloride (209 mg, 1 mmol) in 5 mL of benzene was refluxed for 3 h. The solvent was evaporated in vacuum, the residue was treated with hexane and decanted several times from the solid product with hexane (6 mL) to give the white powder-like solid, which was filtered and dried. 1,1,1-Trifluoro-4-phenyl-3-tosylbut-3-en-2-one (10 X-ray crystallographic data. Single crystal X-ray diffraction data were collected at -150 o C on a Bruker Apex II CCD diffractometer. Data were corrected for Lorentz and polarisation effects and an absorption correction using the Sadabs procedure 30 was applied. The structure was solved by direct methods and refined by full-matrix least-squares technique in the anisotropic approximation using the CRYSTALS program package. 31 About 50% of the hydrogen atoms were located in the difference Fourier maps, the remained H atoms were placed in the calculated positions. All hydrogen atoms were included in the refinement with the fixed positional and thermal parameters. Convergence was obtained at R = 0.039 and R w = 0.037, GOF = 
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